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This work proposed an automatic mixing system of nutrient solution for rock 
melon fertigation according to the required electrical conductivity (EC) level. 
Compared to the manual practice, this automatic system will ensure 
continuous supply of mixed nutrient solution without the need to daily check 
and mix new nutrient. Thus, this easy to use and low cost automatic system 
will reduce the burden of the farmers. This system uses an EC sensor to 
automatically check the concentration level of the mixed nutrient solution. 
Other than that, the system only consists of electronic pumps for mixing 
process and an Arduino board as the controller. The controller will monitor 
the EC level and run the mixing process when the EC level is below the 
required level. By calibrating the EC sensors, the test shows that the 


automatic mixing system is able to accurately keep the mixed nutrient 


Mixture process i SSi n : : 
solution concentration in a 400 L mixing reservoir at several required levels. 


Rock melon fertigation 
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1. INTRODUCTION 

In agriculture, water and nutrients are two critical inputs for higher crop productivity to produce 
high income to the farmer [1]-[3]. To effectively feed the water and nutrients, soluble nutrient solution are 
mixed with the water and feed to the crops via automatic irrigation system [4]-[6]. This method is called 
fertigation. There are many fertigation system that have been developed commercially, which normally used 
pH and electrical conductivity(EC) sensors to determine the correction ratio of water and the nutrient solution 
[4]. Flow sensor combines with solenoid valves will give signal for volume of water for controlling the 
ON/OFF period for the fertigation pump. However, these commercial fertigation systems are high 
maintenance and high cost due to the installation of sophisticated device such as dosing pump and high spec 
controller [7]. 

In manual conventional method, mechanical float and portable EC meter are used to fill water into 
the mixing reservoir at required amount and manually check the nutrient solution concentration respectively. 
However, this will need the farmer to do the nutrient solution concentration check and mixing every time the 
solution is to be pumped to the crops. With low maintenance and affordable controller such as Arduino 
board, automatic mixing system can overcome the problem especially for the small-scale crop size. Another 
advantage of the automatic mixing system is its ability to maintain the required concentration of the nutrient 
solution according to the plant growth stages [7]-[11]. With an automated system, the farm operation will be 
more flexible and the fertigation system will be more efficient to deliver the nutrient solution to the crops [4], 
[11]-[13]. 
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In this work, an automatic mixing process of two stock solutions (A and B) and water as dilution 
agent was developed using Arduino board as the controller and EC sensor to read the nutrient solution 
concentration. Other than that, two pumps are used to dose the two stock solutions into the mixing reservoir 
and one pump is placed inside the mixing reservoir as the mixer. For water, its level is simply controlled with 
a mechanical float. 


2. RESEARCH METHOD 
2.1. Portable electrical conductivity sensor 

As the basis of the mixing system, Analog EC Meter SKU: DFRO300 EC sensor module from 
DFRobot shown in Figure | is used for this work. The EC measures the potential for an electrical current to 
be transported through water known as molar conductivity (electrolytic conductivity). It can be reflected to 
the level of the electrolytes present in the water. The module includes the Arduino IO expansion shield to 
ease the difficulty of using the sensor. Other than that, also included is the waterproof DS18B20 temperature 
sensor, which is used to calibrate the EC reading according to temperature. The code for the temperature 
based calibration method is supplied by the manufacturer through online materials. However, since the 
method of reading the EC value supplied by the manufacturer is not suitable for the application of this work, 
a modification was made and another calibration process was added. This will be explained in later 
discussion. 


Figure 1. EC sensor 


2.2. Operation of the system 

The system was developed on mixing reservoir with capacity of 400 L. However, the proposed 
system is not limited to other capacities of mixing reservoir. Also, two 100 L reservoir were used to store the 
stocks nutrients A and B. Water for the stock nutrients dilution is filled into the mixing reservoir from the 
main water pipe. Figure 2 shows the layout of the system. Pump A and B, which are used to flow the stock 
nutrients into the mixing reservoir are 4.2W water pumps with a flow rate of 240 liter/hour rated at 12 V. 

The controller used for the system is Arduino Uno board. This controller is chosen for its low cost 
and easy for coding. Besides, the board is also easy to configure with many sensors and actuators including 
the EC sensor meter and pumps used in this work. 
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Figure 2. The layout of the nutrient mixing system 
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The nutrient solution mixing process is described by the pseudo-code shown in Figure 3 where user 
can set the required EC level (SetEC). Other than that, the effectiveness of the mixing process can be 
configured by setting the EC reading difference value (ECDiffThreshold) and mixing time interval 
(MixTime). The ECDiffThreshold is a parameter set to indicate when will the mixing process settled. 
Basically, the mixing process will start when the EC reading on the nutrient solution fall below the SetEC 
value. First, the required amount of time to pump the stock nutrients A and B will be computed. Then after 
the stock nutrients pumped into the mixing reservoir according to the computed time, the mixing pump will 
be on and turned off when the mixing settled (EC value difference goes below the ECDiffThreshold). Based 
on several tests, the best ECDiffThreshold and MixTime values are 100 and 10000 respectively. However, to 
have the best result, these values could be different for different mixing reservoir capacity. Figure 4 shows 
the flow process of the automatic mixing process. 

To have an accurate EC value reading, the ‘read current EC value’ step is consisting of two stages, 
averaging and calibration. Averaging is the process of reducing fluctuation from the EC sensor by taking 
several readings and average them out. Then, calibration is the process of converting the average value into a 
more reasonable value based on the predetermined calibration parameters. The calibration was made on the 
actual size system where the linear regression between the readings from the sensor and a meter was plotted. 
Parameters obtained from the linear regression is used to convert the actual sensor reading into a more 
accurate value according to the EC meter. 

Referring to line 10 of the pseudo-code, the equation to estimate the time taken to pump the stock 
nutrient to the mixing reservoir will be discussed further in Section 3.1. 


PROGRAM MixNutrienSolution: 


Set required EC level as SetEC; 
Set EC different threshold as ECDiffThreshold; 
Set mixing interval as MixTime; 


Read current EC value; 

IF (EC < SetEC) THEN 

Calculate required stock nutrient as ReqSN = SetEC-EC; 

10 Estimate pumping time in micro second as PumpSNTime = ReqsSN*0.0694-0.0433; 


wornwn bs Wn 


12 IF (PumpSNTime > 30000) THEN 

13 Set maximum time for PumpSNTime = 30000; 
14 ELSEIF (PumpSNTime < 1000) THEN 

15 Set minimum time for PumpSNTime = 1000; 
16 ELSE PumpSNTime = PumpSNTime*0.6; 

i7 ENDIF 


19 ON pump stock nutrient A and B for PumpSNTime; 

20 ON mixing pump and wait for MixTime; 

21 Read current EC value; 

22 Compute difference between current and previous EC reading as ECDiff; 


24 WHILE (ECDiff > ECDiffThreshold) DO 
25 Continue mixing for MixTime; 

26 Compute new ECDiff; 

27 ENDWHILE 


29 OFF mixing pump; 


31 ELSE Do nothing; 
32 ENDIF 


34 ENDPROGRAM 


Figure 3. Mixing process 
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Figure 4. Schematic diagram for nutrient mixing for fertigation system 
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2.3. Fertilizer and irrigation scheduling 

Different crop need different nutrient solution concentration. The nutrient solution concentration 
that is too low or too high will affect the plant growth if not monitored. Table 1 shows the list of the 
concentration level proposed for the rock melon for one season. It can be seen that there are several EC level 
throughout the cultivation process. Thus, the proposed mixing system should be able to prepare different EC 
levels of the nutrient solution. 


Table 1. EC Level for Rock Melon Cultivation 


Weeks EC(dS/m) 
1 1.6 
2 1.9 
3 2.1 
4 2.4 
5 2.7 
6 3.0 
7 33 
8 3.5, 
9 3.8 
10 3.8 


3. RESULTS AND ANALYSIS 

In this work, the performance of the system is measured at two stages. First is to measure the 
reading precision of the EC sensor alone based on the proposed sensor reading method described in Figure 3. 
Second, the performance of the system is measured on the whole system where the EC sensor act as the input 


to the system to start and stop the mixing process. 


3.1. EC sensor precision 

Precision of the Analog EC Meter SKU: DFRO0300 is measured by calculating the relationship of the 
EC value on several volumes of water. The measurement result (Figure 5) shows the linearity of EC and 
nutrient volume even at the different volume of water. This test was purposely done to determine the 
regression between the volume of water and nutrient to the desired EC at different volume of water. 

The original code supplied with the EC meter is reading the EC value by averaging the current value 
with all previous recorded values. The method works when there is no rapid change on the volume of the 
nutrient solution, which is mixed with the water. However, with rapid flow of the nutrient solution into the 
water to be mixed, the actual EC value will rapidly change. This is where the original reading method of the 
EC sensor will have a critical delay to achieve actual EC value. To achieve a more accurate reading, this 
work takes an average of the last three reading and ignore a reading when it is identified as an outlier. 
Besides the regression values as previously discussed, Figure 5 shows that the proposed averaging method 
gives a smooth reading, similar to the original method. The smoothness of the reading is getting better when 
the volume of water increased. 
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Figure 5. Relationship between EC and fertilizer volume 
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To further test the precision of the sensor reading method, time needed to pump the stock nutrient A 
and B to the mixing reservoir was performed. This test used 100L reservoir for each of the stock nutrients 
and 4.2W water pumps with a flow rate of 240 liter/hour rated at 12V in each of the reservoirs. From 
Figure 6, it shows that the amount of time it takes to mix nutrient was less than one minute to achieved EC 
value equals to 3.5dS/m, which is the maximum EC value commonly used by farmers. This shows that the 
EC values read by the sensor is now fast enough for the normal speed of the mixing process. From Figure 6, 
the linear regression parameter is used to formulate the time estimation formula written in the pseudo-code 
shown in Figure 3. 
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Figure 6. Relationship between EC and time taken to pump the nutrient solution 


3.2. Overall system test 

In this test, the system is run on full operation where fresh water is automatically flowing in when 
needed and the mixing process by flowing the water using submersible pump is running. Figure 7 shows the 
EC reading of the reaction of the automated mixture nutrient with desired EC 1dS/m and 2.7dS/m. The 
system can mix the nutrient but there is a slight different reading with the desired input system and the 
controller needed to take time to achieve the desired EC. This is representing consistent average steady sate 
error close to 10% of the actual desired EC value. Since the error is consistent, thus the system can be said to 
be working as expected where the error is easily handle by linearly mapping it to the actual value. 
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Figure 7. Result for controller test on real system 


4. CONCLUSION 

A fertigation controller with automatics mixing process have been developed where the system is 
able to provide continuous supply of nutrient solution at desired EC level. The low-cost devices and 
components use to develop the system allows more farmers including the small-scale producers to control 
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and monitor the nutrient solution level based on the plant growth stage. The test on 100 L reservoir for each 
of the stock nutrients and 4.2W water pumps with a flow rate of 240 liter/hour rated at 12V in each of the 
reservoirs shows that the amount of time it takes to mix nutrient was less than one minute to achieved EC 
value equals to 3.5 dS/m, which is the maximum EC value commonly used by farmers. Although the system 
shows 10% average for the steady state error of the desired EC value, it can be said that the system is 
working well. In addition to this, this controller is low at maintenance and can be improved with the 
integration of internet of thing (IoT) devices to have a cognitive processing to the system. 
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